Copper-resistance was analyzed with 189 strains of plant pathogenic bacteria that belonged to the genera Pseudomonas, Xanthomonas, Erwinia, Agrobacterium, Clavibacter and Curtobacterium. For the assay, CuSO4 or copper compounds (copper fungicides) were incorporated into Bacto potato-dextrose agar (PDA). Bacteria that grew on PDA containing CuSO4 at concentrations of 1.25mM or more were arbitrarily categorized as copperresistant. The minimum inhibitory concentrations (MIC) of CuSO4 on the copper-PDA medium were one to two times greater than with casitone-yeast extract-glycerol agar medium, and 100 times greater than with aqueous solution. Copper-resistant strains were detected in many of the plant pathogenic bacteria, particularly in pseudomonads. The high MIC of CuSO4 were specifically found in members of the rRNA II subgroup of Pseudomonas such as P. cepacia and P. gladioli. Resistance to CuSO4 did not necessarily correlate with resistance to copper fungicides. In P. cepacia, P. gladioli, P. syringae pv. actinidiae, A. radiobacter and A. tumefaciens, copper-and streptomycin-resistances were concurrently found in the same strains. Copper-resistant strains of A. tumefaciens belonged to biovar 1 (all of 3 strains), biovar 2 (1 of 8 strains) and biovar undetermined (1 of 2 strains). A copper-resistant strain of A. radiobacter also belonged to biovar 1. Six strains of A. vitis tested were all copper-sensitive.
INTRODUCTION
Although copper fungicides are used world-wide for control of bacterial diseases, the efficacy in field has usually been unsatisfactory. The discovery of copper-resistant strains in Xanthomonas campestris pv. vesicatoria in 198310), Pseudomonas syringae pv. tomato in 19862) and other pseudomonads1, [3] [4] [5] [6] [7] [8] 13) suggested that the insufficient efficacy of copper fungicides may be attributed to copper-resistant strains.
Unlike the resistance to antibiotics, copper-resistance in bacteria has been detected primarily in vitro and its effect on the efficacy of copper fungicides as bactericides has not been fully elucidated in the field. Under such circumstances, it is necessary to confirm whether copper-resistance is a common feature of plant pathogenic bacteria, and to determine the practical significance of copper-resistance.
This paper reports a study on the prevalence of copper-resistant strains in plant pathogenic bacteria and the correlation between resistance to CuSO4 and that to copper fungicides. 
RESULTS

Resistance to CuSO4
A number of bacterial strains showed significantly high levels of resistance to CuSO4 (Table  1) . Table 3 ). Of five copper-resistant strains, three strains belong to biovar 1, and other two strains to biovar 2 and biovar undetermined, respectively. None of six strains of A, vitis showed copper-resistance. One strain of A. radiobacter (biovar 1), isolated from carrot, also showed resistance to copper.
Concurrent occurrence of copper-resistance and streptomycin-resistance In P. cepacia, P. gladioli, P. s. pv. actinidiae, A. radiobacter and A. tumefaciens, the strains with high copper-resistance showed also high resistance against streptomycin without exception (Table 3 and 4) . The resistance levels to streptomycin were different depending on bacterial species and/or strains of the same species. In other bacteria, copper-resistant strains were sensitive to streptomycin, or the MIC was 
